Coordination improves the profit of all the members in a supply chain. In this paper, a novel coordination mechanism is introduced in a retailer-manufacturer supply chain in which the retailer can adopt either an American option mechanism or a wholesale mechanism to satisfy the market demand throughout a multi-period horizon. The manufacturer follows a make-toorder production policy. This mechanism gives the retailer the right to select the more beneficial mechanism in each period. The retailer as the leader of the chain decides how many options should be purchased at the beginning of the horizon through a mixed-integer mathematical model. This model addresses the uncertainties in the market demand and the market price, simultaneously. A scenario planning approach is used to treat the random variables within the model. Also, an optimal scenario reduction model is adapted to reduce the computational complexity of the problem. Finally, a numerical experiment is designed to validate the performance of the model. The results demonstrate a remarkable improvement in the profit of both members. Moreover, a number of experiments are performed to show how the option price, the exercise price and the interest rate affect the performance of the contract. 
Introduction
Vertically independent decision-making causes a great deal of financial losses for all the members of markets. In essence, vertically independent markets are known as decentralized supply chains (SCs) in which all the members independently transact to satisfy some customers. In other words, SC members act as separated islands and they only take the final decision of the higher layer into account. Moreover, another decentralization origin is derived from personal profit maximization, which results in shrinking the size of the market. In other words, both of these strategies result in local optimum solutions, which make the total profit of the SC lower (Bresnahan & Reiss, 1985; Lee et al., 1997) . Therefore, a mechanism is required to reduce this effect on the performance of the SC. In this regard, coordination mechanisms have been introduced to tackle them. Therefore, in a coordinated SC, the members should not compete as independent entities. In addition, the members of the SC may behave as a part of a unified system (Kanda & Deshmukh, 2008) . Coordination could be achieved with several well-known mechanisms. We focus on the SC contracts in this study. A supply contract specifies parameters (e.g. quantity, price, quality, and time) for a seller to satisfy the demand of a buyer who aims at increasing the profit of the whole SC (Gan et al., 2005) .
In addition, supply contracts could reduce under stock/overstock costs and could share risks among members in addition to increasing total profit of the SC (Tsay, 1999) . Thus, structure of the supply contracts is a topic of debate among academicians and practitioners as it could significantly affect the performance of each member. As a result, several types of mechanisms have been addressed in the literature to achieve the prefect SC coordination. Revenue sharing, buyback, and quantity flexibility are the most well-known mechanisms with which perfect coordination could be achieved. Although these contracts could coordinate the supply chain, they may create some consequences influencing the natural function of the market (Chopra & Meindl, 2007) . Therefore, finding a better supply contract has been transformed to a controversial topic among researchers to achieve both the perfect coordination and the least side effects. In this regard, a variety of contracts has been addressed. Sales rebate, delay-in-payments, option contract, etc. are examples of other mechanisms. This study focused on the option contract. An option mechanism has been adopted from financial markets. Because of uncertain nature of financial markets, the most powerful risk-hedging tools have been developed in this area, called derivatives. An option mechanism could mitigate risks associated with market fluctuations and could be used as a coordination mechanism. In essence, an option as a derivative gives the holder of the option the right to buy/sell an asset by a certain date for a certain price (Hull & Basu, 2016) . In other words, the holder of the option buy a right to buy/sell an asset by a maturity date for a fixed exercise price while an initial small premium is required calling an option price. Furthermore, exercise of the option right depends only on the spot price. Although option contract is similar to the original option derivative, there are some major differences among them. In the common option contracts, the buyer buys a right to buy a specified number of real products instead of stock with a maturity date, called selling season instead of maturity date in a fixed exercise price called a wholesale price. Furthermore, exercise condition is existence of the market demand while it is price feasibility in the option mechanism as a derivative (Burnetas & Ritchken, 2005; Huang, 2009; Gomez Padilla & Mishina, 2009; Nomikos et al., 2013) . To improve the performance of the option contract, other types of the option mechanisms in the financial markets could be helpful. An American option mechanism is adapted to apply in the good markets in this study. It is noteworthy that the basic version of the option mechanism is called a European option. According to an American option mechanism, the holder of the option has the right to exercise the options during the lifetime of the contract while the European one enforces the holder to exercise just at the maturity date. As a result, the American option could improve the European one in several ways. Firstly, the American option makes the contract more flexible compared to the European one. It means that the buyer could experience more degree of freedom to exercise the options during a horizon. Secondly, the American option could be used for products that are more durable. This makes it more applicable since the European can only be used for products with short selling season. Thirdly, price fluctuations could also be considered in an American option while it is ignored in the European one because of the short selling season. It is worth mentioning that there is a significant difference between the American option as a derivative and as a supply contract, which it returns to the exercise rules. In a financial market, the buyer has to exercise all options together while there is not this obligation in the real good market. In a real good market, the buyer can exercise the options in several steps in different periods of the lifetime. Price feasibility is another condition of exercising options in addition to the demand existence. This condition is not addressed by almost all the previous studies. In other words, the previous models enforce the retailer to exercise the options in case of demand existence regardless of the spot market price. As a result, the option might cause additional costs for the retailer instead of risk-hedging. Apart from the American option, a wholesale mechanism is incorporated to the contract to improve the flexibility of the mechanism. The order quantity of the retailer, which is the most critical variable in the option contract, is considered the main decision variable. The sequence of events during the contract is summarized as follows: first, the retailer purchases a number of options with a fixed lifetime, exercise price, and option price. Second, the manufacturer produces according to a make-to-order (MTO) strategy. Third, at the beginning of each period, the retailer evaluates two required conditions for option exercising. If the option is feasible, the retailer will exercise the remainder of the options from initial purchased options. It is noteworthy that back order will be occurred if this remainder value is less than the market demand. Otherwise, the retailer will use the wholesale mechanism to provide necessary products. Fourthly, at the end of the contract, the manufacturer could sell the non-exercised options to the market for a salvage value. The current study aims at evaluation of the performance of the proposed contract in comparison with a wholesale contract (as the worst case) and the centralized SC (as the best case). Another approach to choose the feasible mechanism by the retailer is considering contract selection as a decision variable as well as the order quantity of the retailer. In this regard, the optimal solution of the model in a basic and a mechanism selection model will be compared.
The rest of the paper is organized as follows: in section 2, body of the relevant literature is reviewed. In section 3, the basic model and all the extensions to it are presented. Section 4 explains the optimal scenario reduction model as the main part of the solution methodology. Section 5 includes an illustrative numerical experiment to demonstrate applicability of the contract and in the last section, conclusion remarks in addition to some possible extensions to the current study are provided.
Literature review
Coordination contracts are the most widespread part of the SC coordination literature. Each contract forms a research stream in this area. Although the option contracts have introduced as a coordination mechanism in the last decade, it quickly received much attention of academicians. However, as the focus of the current paper is on the option contracts, the literature is entirely devoted to the option contracts and some compound contracts which involve option mechanism. The previous studies in option contracts usually considered the European option mechanism as the core of their addressed framework in which a two-echelon SC tries to satisfy the final consumer during a single period. Wang & Liu (2007) introduce a retailer-led option contract in which the retailer aims at coordination of the upstream production quantity. Their results show that the addressed contract improves the profit of both parties of the SC. Gomez Padilla & Mishina (2009) present an option contract aims at coordination of a two-echelon SC in two cases including a single supplier-single retailer and multiple suppliers-a single retailer. Their results demonstrate improvement in profit of both parties and the whole chain. A cooperative game theory approach is addressed in Zhao et al. (2010) to the option mechanism in which the retailer and the manufacturer make simultaneously the order and production quantity decisions. Aiming at a perfect coordination, they used a wholesale mechanism as a benchmark to select the best parameters of the option contract with a negotiation procedure, which considers the negotiation power and the risk-aversion of the parties. Xia et al. (2011) evaluate the performance of the option contract using a wholesale contract as a benchmark. They show that a supplier with higher disruption risk provides more profit while the option contract could reduce the supplier disruption risks. It can be implied that the SC cannot be perfectly coordinated through the addressed option contract. Zhao et al. (2013) introduce a bidirectional option contract in an MTO production environment with which the retailer can order new product or return unsold products. Chen et al. (2014) presented option contract in which the effects of the risk preferences on the optimal solution of the problem is investigated through considering a risk-neutral supplier and a loss-averse retailer. Hasani et al. (2013) studied the coordination of a supply chain consisting of one vendor and one buyer via the credit option contract. Luoa et al. (2015) studied coordination of a two-stage supply chain consisting of a supplier and a manufacturer with dual procurement sources through real-option contract. In the paper of Cai et al. (2017) , an option contract was introduced to coordinate a vendor-managed inventory (VMI) supply chain under yield uncertainty. Chen et al. (2017) studied coordination in a two-echelon supply chain consisting of a supplier and a retailer with bidirectional option contracts and service requirement.
Providing a more flexible contract could be achieved through a combination of several contracts. Some previous studies have addressed compound contracts in which the retailer can simultaneously use all of them if some conditions are satisfied. It is worth mentioning that a wholesale mechanism is broadly used to be combined with the option. Cheng et al. (2003) address a mixed wholesale-option contract. In their problem, the buyer purchases a number of products through a wholesale contract in advance and purchases a number of options to exercise at the beginning of the selling season. The authors try to indicate the optimal order quantities for the buyer in both mechanisms and the optimal pricing strategy for the seller. Another hybrid wholesale-option contract is introduced by Burnetas & Ritchken (2005) . In their paper, the retailer can purchase through either an option or a wholesale mechanism. They consider a downward-sloping demand curve. The results demonstrate that a higher uncertainty in demand creates more profit for the retailer. Xu (2010) also proposes a wholesale-option contract considering both the supplier's yield and the market demand as random variables. Buzacott et al. (2011) address a different approach to deal with supply and demand uncertainties in a similar framework to Xu (2010) . Unlike the previous studies, the authors use a mean-variance approach instead of the expected value operator to model the utility of each member. A similar wholesale-option contract is addressed by Chen & Shen (2012) in which the order quantity of the retailer and the production quantity of the manufacturer have to be decided subject to a minimum service requirement. They show that the retailer's and the supplier's profit are non-increasing and non-decreasing in the service requirement, respectively. Jörnsten et al. (2013) address the wholesale-option mechanism in a random discrete demand environment. They demonstrate that the mixed contract is preferred to a pure option contract when the manufacturer has a bound on how much variance he is willing to accept and is risk-averse. In addition to a wholesale mechanism combined with option contract, other mechanisms have this capability. A vulnerable option contract is introduced by Babich (2006) for the first time in which both parties can defer their decisions. In essence, a vulnerable option is a combination of an option and a postponement mechanism. The author investigates effects of suppliers' default risk and competition on the key decisions of both parties. In addition to the option, forward is another financial derivative, which can be combined with an option contract in SC management. Li et al. (2009) introduce a combination of a forward and an option mechanism to coordinate the SC under demand and price uncertainties and asymmetric information condition. They demonstrate that the forward-option contract dominates other contracts and can eliminate the asymmetric information effects. A combined leasingoption contract is introduced by Liu et al. (2013) . In their problem, a carrier and an upstream rental company are considered as parties. The carrier decides quantity of the leased containers, and type and quantity of option contracts to be purchased at the beginning of the contract. Then, the retailer decides quantity of options to be exercised during the selling season. Vafa Arani et al. (2016) introduced a mixed revenue-sharing option contract to coordinate supply chain with a retailer and a manufacturer. To cover drawbacks of the classic contracts, A European call option mechanism and a revenue-sharing mechanism were combined. Yang et al. (2017) studied the call, put and bidirectional option contracts in an agricultural supply chain including one supplier and one retailer where the market demand depends on sales effort.
To the best of our knowledge, previous studies can be criticized in several directions. The current paper tries to cover these drawbacks through its novelties. Firstly, almost all the previous studies used a European option while the American one could improve the European one in several ways. A higher flexibility, a wider application, and considering price fluctuations during the contract are some remarkable advantages of the American mechanism, which is used in this paper for the first time. Secondly, the previous studies used demand existence as only exercise condition for the option mechanism whereas it is not realistic and can cause additional costs for the buyer. In this regard, a price feasibility condition is added to this condition for the first time to improve the performance of the mechanism. Thirdly, as the previous studies addressed a single period selling season, short-term price fluctuations could not be considered in the model although it could have strong effects on the profit of the members. The current study uses a well-known stochastic process namely Geometric Brownian Motion (GBM) to model the short-term fluctuations of the market price. Fourthly, although the basic model accounts the type of contract used by the retailer as an input data, it can be also a decision variable. The model is modified in this way to avoid unreasonable local optimum solutions and to give the retailer more authority to choose the more profitable contract. Finally, a comparison between the mixed contract and a wholesale contract, as the nadir solution, as well as a cooperative chain, as the ideal solution, are performed to demonstrate profitability of the contract.
Model description
Achieving a coordinated SC is one of the most challenging issues among companies. This is because of losses caused by non-coordinated interactions. This paper addresses a new mixed coordination contract using an American option mechanism and a simple wholesale contract to coordinate a retailermanufacturer SC. The market demand and the market price are assumed as independent random variables. The retailer orders a number of products to satisfy the demand throughout the planning horizon. Then, the retailer checks if the American option mechanism is profitable at the beginning of each period. If it is profitable, he will exercise the options up to the initial ordered quantity. Otherwise, the wholesale mechanism will be used. In addition, when all the options are exercised and the wholesale mechanism is not profitable, the retailer prefers not to satisfy the market demand. This causes shortage, which tends to be occurred at the last periods. The manufacturer follows an MTO production policy in which production quantity is equal to the order quantity of the manufacturer. However, the manufacturer is assumed to be able to produce the products in a shorter time to satisfy the orders of the retailer received through the wholesale mechanism at the beginning of each period, called late production. Also, the late production has no limitation. In this case, production costs are higher than the regular production before the selling season. Moreover, the wholesale price of the products is different in these two mechanisms. In the option mechanism, the retailer pays a fee called an option price when he orders products and pays another fee after exercising the options called an exercise price. Nevertheless, in the wholesale mechanism, the retailer pays only a wholesale price, which is assumed a random variable. Since the manufacturer follows an MTO production policy, the only decision variable is the order quantity of the retailer. The described situation in this section is a decentralized SC because the retailer and the manufacturer act as independent companies. Moreover, they make their decisions without considering the whole chain profit, which is a non-cooperative situation. Consequently, this situation is known as a non-cooperative decentralized SC. In addition, two other situations will be presented and compared. The first one is a centralized chain in which both the retailer and the manufacturer behave as a unified organization. The second one is a cooperative decentralized SC. In this case, although the two parties are independent, they adopt the SC-wide quantity. Nomenclature of the model is presented here.
Set of planning periods indexed by Set of possible scenarios indexed by Unit market price of the product, which follows a GBM with parameters , Unit wholesale price of the product, which is assumed to be a percent of the market price Market demand of the product, which follows a probability distribution with . as CDF, . as pdf , . as CDF of sums of a number of independent random variables following the same distribution of . The binary variable which shows whether the retailer uses the option mechanism or the wholesale mechanism Unit production cost of the product Unit shortage cost Unit salvage value of the unsold products Unit production cost for late production Risk-free interest rate Probability of occurrence of scenario Quantity of the centralized SC in period Order quantity of the retailer in a wholesale contract in period Production quantity of the manufacturer in a wholesale contract in period Order quantity of the retailer in the decentralized SC coordinated with the mixed contract Order quantity of the retailer in the decentralized SC coordinated with the mixed contract in case of mechanism selection Order quantity of the retailer in the cooperative decentralized SC coordinated with the mixed contract Number of exercised options in period Number of products provided from the wholesale mechanism in period Number of non-exercised options in period To find the optimal solution of the model, a discrete-time mathematical formulation introduces. Although the centralized SC does not exist, it is used as an ideal solution to show the performance of the proposed coordination mechanism. Therefore, firstly, the centralized SC will be formulated and then the non-cooperative decentralized and the cooperative decentralized chain will be considered as more realistic situations. In addition, a simple wholesale contract is presented here as the worst coordination mechanism in which both parties behave completely independently and the interactions are based on the spot prices. The mathematical formulation contains random variables, which should be treated. In other words, the deterministic counterpart of the model should be provided. Sampling, simulation, scenario planning are some methods used for treating randomness of the mathematical models. In this paper, a scenario planning with a scenario reduction method is adopted to provide the deterministic model. Hereafter, index of s, which is added to some variables, shows scenario.
Centralized supply chain
When two companies behave as a single identity, a perfect coordination is achieved. There are no losses caused by asymmetric information, double marginalization and shrinking the market in the centralized SC. Therefore, members of the SC should set this situation as a goal to achieve. In the case of the current paper, it is assumed that the centralized organization choose the best order quantity (=production quantity) in order to satisfy the demand of the whole horizon rather than each period. The profit function of the centralized SC is presented in Eq. (1).
Where the first term is the income from selling products to the market. The second one is the production costs and the last term is the shortage costs. As the centralized SC considers the whole horizon, the total demand of the horizon is used in the formulation. In essence, the total demand is a summation of a number of independent random variables. Because it may sell the products to the market in any period of the horizon, an average price is used in Eq. (1). Finally, the closed-form formulation of the optimal order quantity and the expected profit of the chain are presented in Eq. (2) and Eq. (3). Proof of the Eq.
(2) is presented in Appendix A.
Wholesale contract
In the wholesale mechanism, each company either produces or purchases products according to the private information. In this situation, the retailer orders according to the realized market demand and purchases the products in a wholesale price. The manufacturer produces according to the market demand. Because the manufacturer produces in a shorter period at the beginning of each period, the production costs are higher than the regular production before the beginning of the horizon. Eq. (4) and Eq. (5) show the profit functions of the retailer and the manufacturer in the wholesale mechanism.
where, in both equations, the first term is the income, the second term is cost of products, the third term is shortage cost and the last term is the income from selling extra products. Finally, closed-form solutions of the strategies of the parties in this mechanism are expressed in Eqs. (6) and (7). See appendix A for proof. Also, after substitution of them to the profit functions, the optimal expected profit of the retailer and the manufacturer are presented in Eq. (8) and Eq. (9).
(6)
The wholesale contract is used as a nadir solution to the problem, which can show the performance of the proposed mechanism in terms of raising the profit of parties and that of the whole chain.
Non-cooperative decentralized supply chain
In most of real situations, companies act as independent identities. Also, they usually do not have a chain-wide insight in their decisions. This situation is a non-cooperative decentralized SC in which companies need a coordination mechanism to avoid losses associated with decentralization. The basic model is presented here.
The basic model
As mentioned before, the manufacturer follows an MTO production policy in which the products are produced only after receiving an order from the retailer. Although the manufacturer can produce quickly at the beginning of each period, it also depends on the order quantity of the retailer through the wholesale mechanism. Therefore, the most critical decision is the order quantity of the retailer. The retailer will use the option mechanism if the wholesale price exceeds the discounted total value of the option price and the exercise price of the options. Otherwise, the retailer will provide the products through the wholesale mechanism. Eq. (10) shows the logical condition for mechanism selection.
The retailer aims at maximization of his profit. Therefore, the order quantity will be set on an amount to satisfy optimally conditions. Eq. (11) and Eq. (12) show the initial profit and the periodic profit of the retailer, respectively.
where Eq. (11) is the option price paid for purchased options. In the Eq. (12), the first term is the income from selling products to the final market. The second one is exercise price paid for exercised options. represents the amount of options which the retailer exercises in each period. It is defined in Eq. (13).
. ,
where represents the remaining amount of options, which is shown in Eqs. (14) and (15). (14) (15)
The third term of Eq. (12) is the wholesale price of the products purchased through the wholesale mechanism, which is defined in Eq. (16).
The last term of the Eq. (12) is the costs of shortage. Finally, the total profit of the retailer is calculated with adding the initial profit and the net present value of the periodic profits as shown in Eq. (17).
According to the equations, the model contains not only random variables, but also nonlinear terms. To achieve an optimal solution, firstly, a scenario planning approach is used to treat the random variables. Secondly, the model is linearized with defining some auxiliary variables and adding some extra constraints. is defined as , . In essence, is the sale amount of the retailer. Also, is defined as , , that shows the exercisable amount of options in each period. Finally, is defined as , which shows amount of shortage in each period. The resulted linearized mathematical formulation is presented in Eqs. (18)- (26).
subject to:
. ∀ ,
∀ ,
, , , 0 ∀ , Although the manufacturer does not make any decision in the model, his expected profit is important to show the performance of the proposed mechanism. Eq. (27) shows the expected profit of the manufacturer.
where the first term is the exercise costs of the options paid by the retailer. The second term is profit of the manufacturer in the wholesale mechanism. The third one introduces the option price of the options. The fourth term is production costs and the last one is salvage value of the remaining options at the end of the horizon. It is worth mentioning that the total profit of the chain is summation of Π and Π .
The mechanism selection model
The basic model uses the logical condition presented in Eq. (10) to adopt the better mechanism. However, it might be better to let the model choose the better mechanism. In this regard, is replaced by a binary variable . In other words, the modified model suggests the companies to use either the American option mechanism or the wholesale mechanism. The modified model could be reformulated as follows:
subject to ∀ ,
Despite the previous linearization in the basic model, the modified model is nonlinear. . is a multiplication of two variables which make the model a nonlinear one. In this regard, the model is linearized by replacing . by 0 and adding the following constraints.
. , ∀ ,
Decentralized cooperative supply chain
In many cases, it is impossible for members of a SC to act as a unified organization. Therefore, they choose other actions to achieve a coordinated chain. Using the optimal quantity of the centralized SC is a strategy to achieve a better coordination situation. This is shown in Eq. (40). The optimal order quantity of the centralized SC should be substituted in Eqs. (18) and (27) to calculate the profit of both parties in this situation.
.
Price modeling (GBM)
As discussed before, the market price of products is a random variable. Since the proposed mechanism is designed in a multiple period environment, a stochastic process is adopted to model the random price during the horizon. One of the most well-known stochastic processes in price modeling is Geometric Brownian Motion (GBM). Although the GBM is known as a continuous-time stochastic process, a discrete-time version is used in more realistic situations. According to a GBM, change in price is calculated as Eq. (41).
where 0 is the initial spot price of the product, and represent the mean value and volatility of the market price. Also . √ , so:
where is a standard normal random number. The left hand side of Eq. (42) is the change in price in a short period, and the right hand side includes . as expected value of this return and the stochastic component of the return. Therefore, change in price follows a normal distribution with mean of . and standard deviation of . . Let be the market price in period , it can be calculated with the following equation:
Finally, the discrete-time version of the price is calculated in Eq. (44), which is used in the current model.
Scenario reduction
There are several parameters in a real problem that contains a level of uncertainty. These problems are called stochastic programming models. Uncertainty is modeled through either continuous probability distributions or discrete ones. The current problem faces uncertainty in the market demand, which follows a normal distribution, and uncertainty in the market price, which follows a GBM. Therefore, a computational approach is required to treat such complicated random variables. The size of the approximated model is strongly related to the number of scenarios generated for approximation (Dupačová et al., 2003) . Scenario reduction is an approach that facilitates solving the problem through reducing the number of scenarios. There are several previous studies which present different methods and algorithms to reduce the number of generated scenarios (Dupačová et al., 2003; Niknam et al., 2012; Wang, 2010; Watkins et al., 2000; Zhang & Wang, 2009; Heitsch & Römisch, 2003; . In essence, a scenario reduction is a selection problem. In other words, a number of scenarios will be selected and others will be removed if some criteria are satisfied. Two main groups of these criteria are matching statistical moments and distances (Li & Floudas, 2014 ). An optimal scenario reduction method has recently introduced by Li & Floudas (2014) . This method is adapted in the current study to reduce the number of generated scenarios. This method applies several criteria to quantify not only the difference in the distribution of the parameter input, but also the difference in the output of the model. They used four criteria in the objective function of the mathematical model to achieve the best set of scenarios. The first one is the Kantorovich distance between the probability distribution. The second one is the difference between the expected objective values. The third one is the difference between the best objective values, and the last one is the difference between the worst objective values. The objective function of the whole scenario reduction model is presented in Eq. (45).
where is the Kantorovich distance and its definition is expressed in Eq. (46). Also, other components of the objective function are defined in Eqs. (47)- (49).
,
where ′ is also indexed of scenarios. and are expected objective value among the original set of scenarios and the selected set of scenarios, respectively. Similarly, and are the maximum objective value among the original set of scenarios and the selected set of scenarios, respectively. Also, and are the minimum objective value among the original set of scenarios and the selected set of scenarios, respectively. The whole model, which is formulated as a mixed-integer programming model, is presented in Appendix B.
Numerical experiments
A numerical experiment can validate the performance of the model. Moreover, several analyses based on the numerical experiment provide some insight for the decision makers. Therefore, a numerical experiment is presented in this section in which data are randomly generated. Although the data are not realistic, all the main assumptions and initial conditions are met. The market demand, the market price, the wholesale price, the option price, and cost coefficients are required as inputs of the system. In this experiment, the market demand is assumed to follow a normal distribution with mean of 50 and standard deviation of 10. The market price follows a GBM with drift parameter of 0.75 and volatility of 0.5 with initial price of 5. The wholesale price is assumed 80% of the market price. The option price and the exercise price of options are assumed 0.6 and 4.5, respectively. The unit production cost is 3 in regular time. However, the unit production cost at the beginning of each period, namely late production, is 4. The salvage value of the extra products at the end of the horizon is 2 and, finally, the annual interest rate is 0.3. Also, the planning horizon last 10 periods.
5.1.Scenario reduction
There are two main random variables in the optimization model. The first one is the market demand following a normal distribution with parameters 50 and 10. The second one is the market price which follows a GBM with parameters 0.75 and 0.5 and initial price of 5. In order to make the best equal discrete distribution, a large number of scenarios are generated with Monte Carlo method. Although a large number of scenarios create a better approximation, it can make the problem computationally hard to solve. Therefore, the described optimal scenario reduction model is utilized to choose some scenarios that have the same statistical characteristics of the main set of scenarios. In this regard, firstly, 750 scenarios are generated. Then, the number of scenarios reduces to 50 scenarios with the scenario reduction method. Table 1 shows the descriptive statistics of the original and the new set of scenarios. Maximum value, minimum value, expected value, standard deviation, skewness and kurtosis of each case are presented in this table. According to the table, despite removing 93.3% of the original scenarios, the main statistics remain close to the original set. Therefore, the new set of scenarios will be used as input arguments of the model. 
5.2.Results
After selecting the best set of scenarios among the original set of scenarios and providing corresponding probability of each new scenarios by means of the optimal scenario reduction model, the main outputs of the model are presented in this section. As the planning horizon starts, the retailer also starts to evaluate the market conditions if it is possible to exercise options. In essence, the remaining quantity of the options is the state variable of the problem. Fig. 1 shows the remaining quantity of the options during the planning horizon in one of the 50 possible scenarios. Also, the exercised quantity of the options is contained in this figure. The figure validates the performance of the model. In periods 2 and 6, the retailer finds the option mechanism less profitable than the wholesale mechanism. Consequently, the exercised quantity is equal to zero and the remaining quantity curve is horizontal during these periods. At the end of the horizon, the discrepancy between the remaining and the exercised quantity of options is the extra quantity of products, which the manufacturer sells them in the salvage value. As mentioned in section 2, the SC could be formed in three situations. These situations include the centralized SC as the perfect coordination mechanism, the non-cooperative decentralized and the cooperative decentralized SC. In addition, the wholesale contract is addressed as the worst solution to the problem. In this section, a comparison between the proposed mixed coordination mechanism and other possible situations is performed. The optimal order quantity of the retailer, corresponding profit of each party, and the total profit of the SC are provided in Table 2 to show the differences.
Following points are results of the comparison performed in Table 2 .
 The proposed mixed coordination mechanism remarkably improves the profit of both the retailer and the manufacturer compared to the wholesale mechanism. Therefore, the new mixed contract can be used by practitioners to provide more profit for all the parties and the whole SC, Fig. 1 . The exercised and the remaining quantity of options during the horizon  The centralized company orders (or produces) more products than the independent retailer in the non-cooperative decentralized situation. Therefore, the centralized company can satisfy a greater portion of the market demand. The more the SC coordinated, the more demand is satisfied and the more profit gained,  Choosing the centralized strategy in the decentralized SC can slightly improve the profit of the whole SC. While the retailer's profit is decreased, the manufacturer's profit is increased. Therefore, the cooperative decentralized situation is more profitable for the manufacturer because this strategy reduces the power of the retailer as the leader.  The proposed mixed mechanism cannot achieve a perfect coordination. This is a result of comparison between profit of the cooperative centralized SC and that of the decentralized noncooperative SC,  Finally, the companies should try to achieve a centralized SC. If it is not possible, they can use the proposed coordination mechanism in this paper to reduce losses of decentralization. 
Exercised and Remaining Options Period

5.3.Sensitivity analysis
In addition to the results of the previous section, which show the remarkable profit improvement created by the proposed coordination mechanism, some analyses on the critical parameters of the model are beneficial to show the reasonable performance of the model. The option and the exercise price are the most important parameters of the model, which have remarkable effects on mechanism selection in the proposed mixed contract. In financial markets, there are standard couples of the option and the exercised price that the companies offer to buyers. This causes considering them as parameters rather than decision variables, but sensitivity analysis helps the decision makers to choose the best couple of the option and the exercise price.
Option price
An option price is a fee that the retailer pays to the manufacturer at the beginning of the contract. Since the retailer exercise options according to the market demand and the market price, it is possible that a great deal of options do not be exercised. Therefore, the retailer should minimize the number of options.
On the other hand, the option mechanism offers a predetermined constant price, which mitigates the risk of increased market price and motivate the retailer to buy more options. Thus, the option and the exercise price are the most important parameters of the proposed mixed mechanism. In this section, effects of the option price on the outputs of the model are investigated. Table 3 shows changes in the retailer's profit, the manufacturer's profit and the order quantity of the retailer in different values of the option price between 0 and 1. The interval is selected according to , which avoids arbitrage with the option by the manufacturer. The following remarks are provided according to the Table 3 . If the exercise price and other parameters are kept constant,  The profit of the manufacturer will be increased. This is obvious because the manufacturer gain a higher income from the selling options,  In addition, the retailer's profit will be decreased. This is, similarly, logical because the retailer pays more money for each option,  The order quantity of the retailer will be decreased. This is because of the fact that the option mechanism becomes less profitable for the retailer. Therefore, the number of purchased options will be decreased and the retailer prefers to use the wholesale mechanism, and  The profit of the whole SC will also be decreased because the retailer prefers the wholesale mechanism and this will decrease the profit of the whole SC as shown in Table 2 .
Exercise price
An exercise price is the main part of the cost of the product that the retailer will pay if he exercises an option. Therefore, it plays an effective role in the option mechanism. In this section, the exercise price changes between 3 and 6.5. The lower bound is set because of the logical constraint , which avoids an unreasonable situation in which the manufacturer prefers to sell the products in salvage value rather than selling to the retailer. The upper bound is selected so that avoids a situation in which the retailer always uses one of the mechanisms in the mixed contract. Table 4 shows changes in the profit of members, profit of the whole SC, and the optimal order quantity of the retailer.
It is obvious that the trends of the outputs are similar to those caused by the change in the option price. Also, similar logical reasons could be provided for these trends. However, there are some differences between them. Following results are provided to shed a light on these differences.
 The exercise price plays a more effective role in the optimal profits. This is because the exercise price is usually bigger than the option price.  The exercise price has a less effective role on the order quantity of the retailer. A comparison between Table 3 and Table 4 shows that an increase of one unit in the option price causes a 160-unit decrease in the order quantity, while an increase of one unit in the exercise price causes a 64-unit decrease in the order quantity. This is because of the direct effect of the option price on the profit of the retailer. In other words, the manufacturer could tolerate an increase in the exercise price with not exercising the purchased options, but it is inevitable in case of an increase in the option price.  There are couples of the option and the exercise price that create the same profit. Some couples of , are presented in Table 5 . If the decision makers consider a particular level of the profit of the chain, several couples of , could be suitable. In other words, there are some indifference curves on each of which several couples of , provide an equal level of profit. Shaded numbers in the table show three couples of , which provide approximately an equal profit.
It is worth mentioning that the indifference curves are decreasing. It means that on a particular curve, an increase in the exercise price caused a decrease in the option price. 
Interest Rate
Unlike the previous studies, this study uses a multiple period framework to the coordination problem. Therefore, the time value of money becomes a significant factor in the profit functions. Moreover, different countries have different interest rates. Thus, different interest rates should be considered to make the best decisions for different countries. Table 6 shows the profit of the members, profit of the whole SC and the order quantity in different values of interest rate. According to the table 6, following remarks can be provided
• The interest has a reverse effect on all the outputs of the model. The decrease in profits is an obvious result of decreased present value of the profit caused by higher level of the interest rate.
• The logical condition of mechanism selection, presented in Eq. (10), depends on the interest rate. Although the short planning horizon hides the effects of the interest rate to some extent, the order quantity decreases slightly in higher values of interest rate. Therefore, higher values of interest rate encourage the retailer to use the wholesale mechanism. This decreases the profit of the members and that of the whole SC (see Table 2 ). 
Mechanism selection
In the basic model, the mechanism is selected by a logical condition, while the mechanism could be adopted by the mathematical model as a decision variable. Existence of shortage may disturb the function of the logical condition of the basic model. A comparison between results of these two models can reveal the differences. Fig. 2 compares the remaining quantity of options in the basic model and the mechanism selection model in one of the selected scenarios. In this figure, the basic model selects the wholesale mechanism in period 3, while the mechanism selection model uses the option mechanism. Despite such slight differences, both models provide similar results. Table 7 presents the main outputs of the basic and the mechanism selection models. Following remarks could be extracted from Table 7 .  The mechanism selection model remarkably reduces the average shortage. This model compares the shortage costs and the extra profit that the retailer will gain through using the wholesale mechanism. In other words, the retailer compares the shortage with a coefficient of and the extra profit gained by using the wholesale mechanism with coefficient of .
. If the first one is bigger, the retailer chooses the option mechanism. Otherwise, the wholesale mechanism will be selected. 
Conclusions
A coordination mechanism improves the profit and the stability of the SC. Although a perfect mechanism will be achieved if all the members of the chain act as a single organization, it is not always possible. Therefore, the academicians and the practitioners try to design coordination mechanisms in decentralized chains to avoid losses of decentralization as much as possible. In this study, a novel mixed coordination contract was introduced in which an American option mechanism and a wholesale mechanism were used in a retailer-manufacturer SC in a dynamic framework. The retailer as the leader adopted one of them according to a logical condition. The most crucial decision variable was the order quantity of the manufacturer, which was decided by a non-linear stochastic programming model in which the market demand and the market price were assumed to change over time, randomly. Moreover, a cooperative decentralized SC was addressed in which the retailer adopted the optimal order quantity of the centralized SC (chain-wide strategy). A scenario planning approach was used to treat random variables. Also, the number of generated scenarios was reduced with an optimal scenario reduction framework. In addition, a mechanism selection model was addressed in which the selection of the contract was considered a decision variable rather than a predetermined input. A numerical experiment demonstrated a remarkable improvement in the profit of both members in comparison with a wholesale contract. Also, the results showed that using a chain-wide strategy rather than the optimal solution of the proposed model can slightly increase the profit of the chain. To evaluate the effects of the option price and the exercise price, a sensitivity analysis was performed on them. As a result, the order quantity of the retailer was decreasing in both the option price and the exercise price. Similarly, this relation was confirmed between the profits of both members with the option and the exercise price. It was shown that there were some couples of option and exercise price, which provided a same profit for the SC. In essence, these couples formed a decreasing indifference curve along which the profit of the chain remains constant. In addition, because the mixed contract allowed the members to interact during a multi-period horizon, the interest rate played a substantial role in the problem. The higher the interest rate, the less total profit was gained by both members. Also, an increase in the interest rate reduced slightly the order quantity. This caused an additional decrease in the profit of the members and the whole chain. Finally, it was shown that the mechanism selection model had a better performance than the basic model. This modified version of the model avoided shortage more than the basic model, which increased the profit of the retailer. The proposed mixed contract is the first use of a kind of the American option mechanism in the coordination literature. It can be a new tool for multi-period contracts to use in the future studies. Also, using other types of the option mechanism can inspire the future studies to design a more effective coordination mechanism. Although the current study assumes that the manufacturer follows a MTO production policy, future studies can relax this assumption and uses a Stackelberg game to calculate the optimal production quantity of the manufacturer.
Appendix A:
Proof of the optimal order and the optimal production strategy of the wholesale mechanism. In this mechanism, retailer's and manufacturer's strategies are independent. Therefore, optimal strategy for each of them should be provided and optimally conditions should be checked. Where and are retailer's order and manufacturer's production quantities, respectively in wholesale mechanism. To obtain optimal value of order quantity of the retailer, the first and the second order derivatives w. r. t.
have been provided in following equations:
It is obvious that . Therefore, 0. Accordingly, the second order derivative of the retailer's profit function is strictly concave. Therefore, the solution of the Eq. (A.3) is optimal value of the retailer's order quantity which has been obtained as .
On the other hand, to obtain optimal production quantity of the manufacturer, the first and the second order derivatives w. r. t. have been obtained in following equations: 0 (A.5) (A.6) Since , therefore, 0. Accordingly, the second order derivative of the manufacturer's profit function is negative and Eq. (A.2) is strictly concave. So, solution of Eq. (A.5) as is the proven optimal production quantity of the manufacturer.
Proof of the optimal order quantity in the centralized SC. Firstly, expected value of profit function of the centralized SC has been presented in the following equation:
Where, ∑ . In terms of the hypothetical centralized supply chain, to obtain optimal quantity, the first and the second order derivatives of Eq. (A.7) have been presented in following equations: 0 (A.8) (A.9) Since 0 and 0, so, 0. Accordingly, the second order derivative of the profit function of the hypothetical centralized supply chain is negative and Eq. (A.7) is strictly concave while it is sufficient optimally condition. Finally, the solution of Eq. (A.8) (
) is proven optimal quantity.
Appendix B:
The complete version of the scenario reduction model is presented here. See Li & Floudas (2014) 
